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UNDERSTANDING PULLOVER 
By 
JONATHAN SABIA KREINER, PHD, PEl 
DUANE SCOTT ELLIFRITT, PHD, PE2 
ABSTRACT 
Self drilling screws are often used for attaching roof and wall panels to structural framing and 
are subjected to tensile loads caused by negative wind pressures. PUllover failure is often 
associated with this loading condition, which occurs when It fastener pulls through a metal panel 
but remains attached to the structural framework underneath_ 
The American lEon and Steel Institute (A1SI) has developed several standard tests for pullover 
and has inclUded II! design criterion fur pullover in their specification. However, previous research 
at the University ofFlorida has found ORe: particular test an:di tire AISI Specifi~ation; Section 
E4.4.2 to be lUl~conservative_ Thisdiseovery inspired researchers to further investigate pullover. 
In 1993, a proposal was issued to' AIST requesting further stedy of pullover and its effects by 
testing a wider range of variables.. The proposal was approved and research beglln in May 1994. 
In order to determine the reduction factor for the standard test, simulated building tests were 
performed in addition to the stand~d tests. While initially using the simulated testing apparatus, 
many difficulties were encountered and adjustments were made to improve the simulated data. 
From these adjustments a new and,improved apparatus for simulated testing. (vacuum box testing) 
was developed. Rather than testing.srogle components alone, this new series. included system 
testing, which modeled the actual conditions more realistically. For these reasons" the system 
building tests proved most valuable when determining reduction factors for the standard test. 
After performing the system tests and utilizing the principles of large angle cliSplacement theory, 
the researchers developed pullover theory. 
The purpose of the research was to provide a better understanding of pullover by initially 
determining a reduction factorf0£the standard test specified in,the AISI Cold Formed Steel 
Design Manual. However, theuillimate obiecti:v.e:was tOJ develQ.p both theoreticali and. empirical 
methods for designing light gllgj:\' metal systems. that resist: pullover. 
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Introduction 
Self-drilling screws are used for attaching metal roof and wall sheets to structural framing 
(Figure 1). These screws are often subjected to tensile loads caused by negative wind pressures. 
A failure mechanism often associated with this loading condition is pullover, which occurs when a 
fastener pulls through the sheet, but remains attached to the heavier framework underneath. 
The American Iron and Steel Institute (AlSI) has developed several standard tests for pullover. 
One test is simple to conduct and requires only small amounts of sheet material. A schematic of 
this Standard Pullover Test is shown in Figure 4. This test does not attempt to simulate pullover 
in a real installation. In an actual building, the sheet is perpendicular to the screw axis and in a 
state of biaxial membrane tension when pulled in a direction parallel to the axis of the screw. This 
behavior differs from that of the Standard Test, which provides the same loading condition, but 
does not provide the same support conditions (Figure 1). A member used in the Standard Test 
has a stable initial support condition, which remains stable throughout the loading process. 
Previous research at the University of Florida (Ellifritt 1992) has shown that the Standard Test 
produced a load approximately 2.5 times greater than the loads recorded from the test that 
simulated a real installation. For this reason, the Standard Test may be very un-conservative 
when used to determine the number of screws required to hold down a metal sheet that is 
subjected to wind load. 
Previous research was performed only on one roof sheet configuration, one gauge, one steel 
grade, one screw position, and one simulated sheet span. All simulated building tests had been set 
up to produce perfect axial tension on the screw. This simulated the attachment of a continuous 
sheet at an interior support, which is probably the most ideal of conditions (Figure 2). 
Current Research 
The researchers required many more simulated building tests in order to accurately assess the 
differences between a Standard Test and a simulated building test. For this reason, an expanded 
1 Tilden Lobnitz Cooper - Engineering For Architecture, Orlando, Florida 
2 University of Florida, Gainesville, Florida 
463 
program of testing was established. One objective was to be able to predict the performance of a 
through-fastened sheet in a real building by performing the Standard Test and applying a 
reduction factor. The reduction factor depended on testing a wider range of variables than those 
previously tested (Table 1). 
In a real installation, many screws are eccentrically loaded and are more likely to fail before a 
concentrically loaded screw. The Standard Test is concentrically loaded, which tests the ideal 
state of attachment and is un-conservative. Therefore, in order to obtain a more conservative 
reduction factor, several simulated building tests included eccentric loadings (Figure 3). 
Research Objectives 
The initial objective was to determine a reduction factor for the Standard Test. However, a 
secondary objective was to revise the Standard Test because the current testing procedure did not 
accurately model an actual installation. Section E4.4.2 in the 1996 AISI Specification provided a 
standard equation for calculating pullover. Both the equation and the Standard Test provided 
virtually the same pullover values for a given system because the equation was derived from a free 
body diagram of the standard testing apparatus. 
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t t 
Standard Pull-Over Test 
Performance in Building Installation 
Figure 1 - Initial Boundary Conditions For Through-Fastened Systems 
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Table I - Testing Program for Simulated Tests 
Test Installation Supplier Thickness Grade No. of 
Series Type in. (mm) ksi (MPa) Tests 
1 component A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 9 Ea. 
2 component B 0.0220 & 0.0180 (0.5588 & 0.4572) 107 & 97.4 (736 & 672) 9 Ea. 
3 component A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 5 Ea. 
4 component B 0.0220 & 0.0180 (0.5588 & 0.4572) 1 07 & 97.4 (736 & 672) 5Ea. 
5 component A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 7Ea. 
6 component B 0.0220 & 0.0180 (0.5588 & 0.4572) 107 & 97.4 (736 &672) 7 Ea. 
1 system A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 2 Ea. 
2 system B 0.0220 & 0.0180 (0.5588 & 0.4572) 107 & 97.4 (736 & 672) 2 Ea. 
3 system A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 2 Ea. 
4 system B 0.0220 & 0.0180 (0.5588 & 0.4572) 107 & 97.4 (736 & 672) 2 Ea. 
5 system A 0.0234 & 0.0210 (0.5944 & 0.5334) 50.6 & 59.3 (349 & 409) 2 Ea. 
6 system B 0.0220 & 0.0180 (0.5588 & 0.4572) 107 & 97.4 (736 & 672) 2 Ea. 
Figure 2 - Attachment of Sheet at Interior Support (Concentric Condition) 
Figure 3 - Attachment of Sheet at End Support (Eccentric Condition) 
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STANDARD PULLOVER TEST 
Procedure and Results 
All panels were cut into small coupons, approximately 4.5 inches x 12 inches (11.43 em x 
30.48 em). Each coupon was attached to a 0.098 in. (2.5 mm) member with a 0.1875 in. diameter 
(4.75 mm diameter) self drilling screw. An illustration of the assembly is shown on Figure 4. 
The test was simple. After each coupon was placed within the tensile testing machine, an 
ultimate load was recorded along with the respective failure mode. A minimum of 10 tests were 
conducted for each material specimen. Consequently, the mean load capacity, the standard 
deviation, and the coefficient of variation were all determined from each specimen (Table 2), 
Table 2 - Standard Test Results 
Supplier: A A B B C 
strength: 59.3 ksi 50.6 ksi 107 ksi 97.4 ksi 80ksi 
(409 MPa) (349 MPa) (736 MPa) (672 MPa) (552 MPa) 
Thickness: 0.0234 in. 0.0210 in. 0.0220 in. 0.0180 in. 0.0180 in. 
(0.5944 mm) (0.5334 mm) (0.5588 mm) (0.4572 mm) (0.4572 mm) 
Mean LQad: 1809 lb. 1654 lb. 2123 lb. 1625 lb. 1962 lb. 
(8047 N) (7357 N) (9444 N) (7228 N) (8727 N) 
Stnd. Dev.: 165 173 107 79 254 
COV: 9.12 10.5 5.04 4.86 12.9 
Center Lines For 
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Self Drilling Screw ----./ 
Figure 4 - Schematic of the Standard Pull-Over Test 
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SIMULATED BUILDING TESTS 
Components 
All of the initial simulated building tests were component tests. These tests included multi-
fastened systems that contain only one panel for any given test. The tests represent the simplest 
model for typical through-fastened system~. The general apparatus for component testing may be 
seen on Figures 5 and 6. 
Concentric Loading 
Concentric loading was selected as the initial test for the simulated testing program. This test 
simulates the attachment of a continuous sheet at an interior support and is set up to produce 
perfectly axial tension on the screw (Figures 5 and 6). 
The original apparatus was revised prior to testing. Figure 6 illustrates a new support 
condition, which fixed all boundaries associated with the panel. This change was necessary since 
deflections and angle of rotations are zero at the supports in an actual building. A fixed boundary 
also eliminated the installation of panel overlaps, which saved set up time and simplified the 
testing procedure. In addition, new load cells were developed for each independent screw which 
allowed precise load recordings for each self drilling screw tested (Figures 7, 8, and 9). A mean 
total load capacity for each specified condition was determined and compared with the values 
obtained from each corresponding Standard Test (Tables 3 and 5). 
Eccentric Loading 
There are two ways to generate an eccentric load. The first method can be achieved by 
offsetting the screws (Figure 10). The second method can be achieved by offsetting the supports 
of the panel (Figure 11). In order to detennine the governing condition, data was obtained from 
both methods. 
All fastener load capacities obtained from the Eccentric Loading Tests were oflesser 
magnitude than those load capacities recorded from the Concentric Tests. This was expected 
since concentric loads produce perfectly axial tension on the screw and represent the most ideal of 
conditions. Like the Concentric Tests, each data series was divided among suppliers and material 
type. A variety of span lengths and span offsets were tested for both eccentric conditions. The 
lowest recorded load capacities were later used to detennine the reduction factor. Those values 
are identified in Table 3. 
System tests include multi-fastener systems that contain more than one panel for any given 
test. These tests are ideal for modeling through-fastened installations and they provide the most 
accurate data for pullover. The general apparatus used for component testing was replaced with 
the vacuum box apparatus, which provided the most useful data for pullover (Figures 12 and 13). 
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Test Methods And Data 
The majority of the vacuum box tests included typical two span conditions which are common 
in through-fastened metal roof and wall systems. The two span system contained 3 supports, 2 
panels, and 18 fasteners. The system span lengths tested were 3.5 ft. (1.067 m) each. Given this 
condition, panel buckling was not critical and the system required only six load cells for any given 
test. Failures were generated along the center support where shear and moment were both at a 
maximum (Figure 13). 
No static load test ever produced better pullover data than the vacuum box test. For the first 
time, subsequent pullover failures were observed in a through-fastened metal system. Each screw 
within the system was monitored independently. The pre-tensioning effects were recorded and 
the load capacities were logged within quarter second intervals. 
Typically, the initial pullover failures were concentric followed by two distinct eccentric 
failures. The initial eccentric failures resulted from the biaxial tensile stresses that developed 
within the steel panel. This biaxial stressed condition provided the lowest load capacities. 
Conversely, the highest load capacities were generated from the secondary eccentric failures 
which occurred at the free edges of the system. These locations developed uniaxial in-plane 
stresses within the panel and consequently did not provide the typical reduced pullover strength 
observed earlier in the component tests. 
Grade E steels provided slightly higher load capacities than lesser grade materials. However, 
they did not provide a significant increase in pullover strength because their brittle nature 
produced lower displacements and lower deflection angles. Unfortunately, high strength steels do 
not always contribute to pullover strength and in some cases, depending on the specific 
conditions, may even reduce the pullover strength of a through-fastened system. See Table 4 for 
average load capacities of self drilling screws measured from system testing. 
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Figure 5 - Original Apparatus For Simulated Test 
Figure 6 - Revised Apparatus For Simulated Test With Typical Panel Deformation 
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Acquisitionor 
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F~~~=======~~~/r-~==l. Metal Panel 
Lead To Data 
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Figure 8 - New Apparatus 
Purlin 





Figure 9 - Revised Load Cells For Multi-Fastener System 
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Figure 11 - Offsetting The Panel Supports (Eccentric Condition 2) 
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Figure 12 - Testing The Two Span System 
Figure 13 - Pullover Failures Occurred At The Center Support 
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CONCLUSION 
Reduction Factors For The Standard Test And Equation E4.4.2.1 
The Standard Test and Equation E4.4.2.1 are presently two methods that predict virtually the 
same nominal pullover strength. This is due to the equation's origin, which can be derived from a 
free body diagram of the Standard Test apparatus. Both methods are un-conservative. Initially, 
the intent of the research was to provide reduction factors for both methods. The average load 
capacities of self-drilling screws were calculated for each specified condition as seen on Table 3 
for Component Tests, and Table 4 for System Tests. 
Table 3 shows average load capacities for four independent conditions. Fixed End Concentric 
Loads and Eccentric Loads, Condition 1, cannot be used to determine the reduction factor. The 
Fixed End Concentric Load data cannot be validated because only one data point was recorded 
for each panel type. In addition, an actual system contains a fixed boundary for each side of a 
metal panel. The Fixed End Concentric Tests provided only two fixed boundaries. The other two 
boundaries permitted lateral, in-plane displacements. The Eccentrically Loaded Component 
Tests, Condition 1, modeled systems in an unrealistic manner. The applied eccentricities were far 
greater than those ever observed in an actual installation. The remaining two conditions were 
acceptable for determining a reduction factor. Table 4 shows the calculated reduction factor for 
each panel tested. 
Table 3 shows average load capacities for both concentric loads and eccentric loads. Due to 
system test observations, where initial failures were randomly eccentric or concentric, it was 
decided to average both conditions together. In some cases both conditions occurred 
simultaneously; therefore, it was unnecessary to calculate the mean load capacities for each 
condition. Typically, initial system failures generated maximum load capacities and thus, the 
average maximum load capacities were calculated. However, it would be un-conservative to 
calculate reduction factors from these quantities because they would not account for the 
subsequent failures, which occur at lower loads. Therefore, the decision was made to calculate 
the minimum load capacities which were later used to calculate the reduction factors (Table 5). 
The System Tests provided lower load capacities than the Component Tests. This was 
primarily due to a change in boundary conditions. The System Tests used a fixed boundary 
condition at each side of the metal panel with the exception of the edge screws where only one 
free boundary existed for each edge screw. The Component Tests used two fixed boundaries and 
two boundaries that restrained only vertical displacement. Lateral in-plane displacement allowed 
additional deflection to occur during the load cycle, which increased the fastener load capacity. 
The dissimilarities were also associated with the applied loading conditions. The System Tests 
provided a uniformly distributed load that was applied directly to the metal panels. This load 
application was consistent with that observed in an actual installation. The Component Tests used 
a concentrated load that was directly applied to the fastener. Component Tests were only 
simplified models; therefore, the data accumulated from these tests do not represent the load 
capacities identified in actual installations. 
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The reduction factors determined from the Component Tests are not recommended for the 
Standard Test nor Equation E4.4.2.1. The test procedure does not accurately model a typical 
installation. 
The System Tests provided the most ideal reduction factors and they are most conservative. 
The System Tests provided reduction factors ranging from 0.235 to 0.321. The testing data 
suggests that the Standard T~st and Equation E4.4.2.1 predict load capacities for a single 
fastener, in a through-fastened system, that are as much as 4.25 times greater than those measured 
in an actual installation. Although an average reduction factor of 0.272 was determined from the 
test data, the smallest factor, 0.235 is highly recommended. 
Table 3 - Average Load Capacities Of Self Drilling Screws From Component Tests 
PANELS CONCENTRIC ECCENTRIC ECCENTRIC FIXED END 
CONDITION 1 CONDITION 2 CONCENTRIC 
A - 0.0234 in. 1064 lb. 678 lb. 567 lb. 504 lb. 
A - (0.5944 mm) (4733 N) (3016 N) (2522 N) (2242 N) 
A - 0.0210 in. 1031 lb. 729 lb. 425 lb. 281 lb. 
A - (0.5334 mm) (4586 N) (3243 N) (1890 N) (1250 N) 
B - 0.0220 in. 1160 lb. 385 lb. 740 lb. 570 lb. 
B - (0.5588 mm) (5160 N) (1713 N) (3292 N) (2535 N) 
B - 0.0180 in. 920 lb. 290 lb. 341 lb. 466 lb. 
B - (0.4572 mm) (4092 N) (1290 N) (1517 N) (2073 N) 
C - 0.0180 in. 782 lb. 
C - (0.4572 mm) (3479 N) 
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Table 4 - Average Load Capacities Of Self Drilling Screws From System Tests 
Panel Type: A 
Panel Thickness: 0.0234 in. 
(0.5944 mm) 








Av. Max. Peak Loads: 779.3 lb. 
(3467 N) 








Av. Min. Peak Loads: 580.2 lb. 
(2581 N) 
Overall Av. Loads: 679.8 lb. 
(3024 N) 
e - eccentric load (biaxial tenSion) 
e* - eccentric load (uniaxial tension) 


















0.0210 in. 0.0220 in. 
(0.5334 mm) (0.5588 mm) 
- - - -
- - - -
- -
761.1 lb. e 
- -
(3386 N) e 
442.7 lb. e* 125.6 lb. c 
(1969 N) e* (3228 N) c 
353.6 lb. e 794.5 lb. c 
(1573 N) e (3534 N) c 
398.2 lb. 760.4 lb. 
(1771 N) (3382 N) 
- -
- -
- 576.2 lb. c 
-
(2563 N) c 
442.7 lb. e* 605.0 lb. e 
(1969 N) e* (2691 N) e 
353.6 lb. e 672.9 lb. c 
(1573 N) e (2993 N) c 
398.1 lb. 618.0 lb. 
(1771 N) (2749 N) 
398.2 lb. 689.2 lb. 
(1771 N) (3066 N) 
Table 5 - Reduction Factors For The Standard Test And :aquation E4.4.2.1 
Panels Component Tests System Tests 
A - 0.0234 in. (0.5944 mm) 0.451 0.321 
A - 0.0210 in. {0.5334 mm) 0.440 0.241 
B - 0.0220 in. (0.5588 mm) 0.447 0.291 
B - 0.0180 in: (0.4572 mm) 0.388 0.235 
Average R.F. 0.432 0.272 
Average 11R.F. 2.317 3.68 
Standard. Deviation 0.029 0.041 







715.6 lb. e 
(3183 N) e 
658.4 lb. e* 
(2929 N) e* 
721.0 lb. c 





434.9 lb. e 
(1935 N) e 
363.8 lb. e 
(1618 N) e 
348.2 lb. c 







Some cold-formed steel connections are susceptible to pullover. Current design procedures for 
pullover are limited. One research objective was to provide a better understanding of pullover by 
determining a reduction factor for the standard test and AlSI Specification Equation E4.4.2-1. 
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